Supplementary Results

Detailed comparison of different IsPadC crystal structures
Previously crystallized photosensory modules (PSM) of various phytochromes feature a high diversity of dimeric PAS-GAF-PHY arrangements. Therefore, we addressed the relative energetic contribution of individual domains to the full-length parallel IsPadC dimer interface by performing a PISA analysis (62). Interestingly, the calculated ΔG diss values, which indicate the free energy of assembly dissociation, revealed that a major contribution to the overall stability of the assembly is provided by the coiled-coil linker (residues 501-528, ΔG diss = 8.0 kcal mol -1 ).
The sum of additional contacts provided by the PSM altogether (residues 8-500, ΔG diss = 8.8 kcal mol -1 ) contribute only to a similar extent to the overall stability of the phytochrome dimer (PAS-GAF-PHY-coiled-coil, ΔG diss = 22.6 kcal mol -1 ). Therefore, the absence of helical elements continuing from the C-terminal PHY helix in most of the previously crystallized PSM modules is one reason for the observation of antiparallel assemblies as well as the structural plasticity of parallel phytochrome dimers (Fig. 4) .
The dimeric IsPadC assembly shows a two-fold symmetry for the PSM module and the superposition of the non-crystallographic symmetry related monomers of the full-length molecule (RMSD of 0.65 Å over 452 Cα-atoms for the PSM alignment) reveals that the individual protomers are almost identical. However, the global symmetry is disturbed by a bending of the coiled-coil linker and an asymmetric dimer interface of the GGDEF domains. Considering the lack of significant interactions between the two GGDEF protomers (ΔG diss = -11.8 kcal mol -1 for residues 529-683) their relative positioning appears to be mainly influenced by contacts with neighboring GGDEF molecules in the crystal lattice. The global asymmetry is also translated to the local residue level for Arg538, Arg539, His577 and Asp659 at the GGDEF interface, which are all residues close to the expected GTP binding site. Interestingly, this local structural asymmetry can also be observed for several residues along the central helical spine, for instance Phe132 at the GAF dimer interface, Met320 within the internal helical connector of the GAF and PHY domains and Arg493 at the PHY dimer interface. Since our HDX-MS data support a functional coupling between DGC activity and the coiled-coil linker as well as the central helical spine (Fig. 2) , the observed asymmetry of individual residues at the dimer interface could indicate their involvement in signal integration and communication. However, these residues are not highly conserved ( fig. S1 ) and, therefore, their asymmetry might rather reflect an overall property of the central helical spine than any specific interactions. Interestingly, comparing these residues to their counterparts in the PSMcc structure lacking the overall asymmetry of linker and the GGDEF domains reveals that the local asymmetry is absent for Met320 and Arg493 in both PSM dimers.
Apart from the lack of local asymmetry in the central helical spine, the PSMcc monomers are almost identical to the PSM fragments of the full-length structure (except for the different architecture of the tongue element in chain D of the PSMcc structure -see main text). By superimposing the different protomers with the PAS-GAF core domain of the full-length molecule (RMSD = 0.28 Å, 0.27 Å, 0.30 Å and 0.57 over at least 234 Cα-atoms for monomers A, B, C and D, respectively), we observe a similar subtle displacement of the PHY domains in the aligned protomers as well as some flexibility of the dimer interface as seen for different phytochrome assemblies (Fig. 4) . However, the amplitude of the structural rearrangements is less pronounced, as would be expected due to the presence of part of the coiled-coil linker extending from the core PHY domain. Performing the same analysis with the GTP soaked structure reveals that the PSM modules are almost unaffected by GTP binding in the GGDEF domain, most likely, because of crystal lattice restraints (RMSD = 0.38 Å over 433 α-carbon for the PSM superposition). Nevertheless, the observed more pronounced bending of the coiled-coil linker also results in subtle structural rearrangements of the PHY domains relative to the full-length structure in the absence of GTP. This bending is induced by a rearrangement of the GGDEF dimer interface that upon GTP binding attains an almost perfect 2-fold symmetry. Establishing this symmetric assembly requires a repositioning of the GGDEF dimer within the overall crystal lattice and, while the PSM module is held tightly in place, the linker apparently has enough flexibility to adapt to the new environment. Since the PSM module is apparently fixed by the crystal restraints, also the local asymmetry of residues Phe132, Met320 and Arg493 is still present even though the GGDEF asymmetry is absent. The symmetric arrangement of the GGDEF dimer is driven by a closing of the binding sites around the GTP molecules. For instance Asp581 and Arg603 interact with the guanosine base and Arg537 from the symmetry related monomer contacts GTP via a cation-pi interaction. Interestingly, additional important residues contributing to the GGDEF dimer interface (Asp663, His577 and Tyr670) show structural differences when comparing the full-length structure with the GTP soak. The Tyr670 rearrangement is particularly interesting because it enables access of GTP to its binding site. Having a closer look at the highly conserved GG(D/E)EF sequence in the half-active site in GTPαS bound GGDEF structures (21, 63) shows a sampling of various configurations for the (D/E) and the E residues. The (D/E) residues are always involved in the Mg 2+ coordination with the substrate, however, in the GTP soaked IsPadC structure it adopts a different conformation compared to the GTPαS bound structures to interact with the GTP α-phosphate that also contacts the Mg 2+ ion. The conserved (D/E) residue is in proximity to the hydroxyl group of the ribose group of the non-crystallography symmetry related substrate molecule, and might therefore be involved in the interaction with the substrate and controlling the further closing of the active site required for product formation.
fig. S1. Multiple sequence alignment of PadC homologs generated with Jalview (64).
Numbering corresponds to the PadC homolog from Idiomarina species A28L (IsPadC) and indicated domain boundaries are based on structural features of the corresponding full-length structure with individual domains colored according to Fig. 1 
